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THE EFFECT OF PEOPELLER OFERATION ON THE AIR FLOW
IN THE REGION OF THE TAIL PLANE FOR A
TWIN-ENGINE TRACTOR MONOPLANE

By Farold Z. Sweberg
SUMMARY

Extensive air-flow surveys have been made in the re-
gion of the tail plane of & typical twin-engine tractor
monoplanc model with tail surfaces removed. The work was
done in the NACA full-gscale wind tunnel. The surveys were
made with propcllers removed and operating and for both
cascs included the conditions for flaps retracted and
flaps deflected 50Y. 4 discussion of the slipstream dis-
tortion and the gencral slipstream effects is given, to-
gether with tables and charts of the average downwash
angles and the average dynamic pressures at the hinge
line of the horizontal tail surface.

Within the boundaries of the slipstream, the average
dynamic pressure measurcd across the horizontal-tail span
changed rapidly with the vertical location of the tail
Plane, but the average downwash angle did not vary greatly
with this location. With flaps retracted, the downwash
behind the upgoing propeller blades was decreased; whercas
the downwash behind the downgoing propeller blades was in-
creased. At normal locations of the horizontsl tail sur-
face, the change of downwash angle caused by the siipstrcam
rotation was reversed when the flaps were deflected.

INTRODUCTION

The effects of tune propeller slipstrcam on the stabil-
ity characteristics of an airplane are conveniently con~-
sidered in three parts:
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(1) The chaunge .in 1ift and pitching moment at the wing
(2) The increase in dynamic pressurec at the tail
(3) The change in downwash angle at the tail

For the chanrge in wing 1ift, the seamfempirical methods of
reference 1 appear to give results in fairly good agrcement
with experimental data. With flaps retracted, the change
of pitching moment dne to the passage of the slipstream
over the wing is usually small and may be neglected. With
flaps deflected, the change of pitching moment at the wing
is conesiderable and may be estimated from a knowledge of
the airfoil section clharacteristics and the increasecd ve-
locity over the part of the wing immersed in the slipstream.
Yo generally satisfactory metunds exist, however, for pre-
dicting the change iun alir flow at the tail; although the
prodlem has received considcrable study (references 2, 3,
aald %),

In order tc obinin souwe systematic data relative to
the effecte of prepelier operation on the air flow at the
tail, ezteunsive tests of a twin-engine tractor monoplane
mcdel have been made in the WACA full-scale wind tunnel.
The tests included both force measurements and air-flow
surveys, of which only the air-flow surveys are presented
in tae present paper. :

The tests are part of an investigation being con-
ducted by the NACA full-scale wind tunnel to determine
he cffects of propeller slipstream on the stability char-
acteristics of variouvs types of aircraft. Some investiga-
tions of single-engine operation have becn reported in
refercnces 4 andéd b,

SYMBOLS
CL 1ift coefficient
£ i t ;
T, = ef eCtlf: Ehr%im » thrusy coefficient
pVy, D° :
D propeller diameter

P dehsity of air

-t



Vo free~stream velocity
pill drag with propellers removed
3 D, resultant drag with propellers operating
O
3 v local velocity
a0 free-stream dynamic pressure (vaoa>
q local dynamic pressure (;‘:—p’f 2)
‘.
g/a, ratio of local dynamic pressure at tail to free-
. stream dynamic pressure
<Q/q;> average dyramic-pressure ratio across elevatoff
av hinge line as found from air-flocw surveys
€ local downwash angle at tail measured relative to
free-stream direction
< ' € average downwash angle across elevator hinge line as
av -
found from air-flow surveys
-
Qo angle of attack of thrust axisg, degrees
] wing area
n propeller rotation speed
d lateral distance between cenier lines of propeller
shafts
by, span of horizontal tail surface
4 distance of elevator hinge line, measured normal to
relative wind, from wake center line
- h downward displacement, measured normal to free-stream
direction, of center line of wake and trailing vortex
'§ sheet from its origin at trailing edge of wing
&




DESCRIPTION OF MODEL AXND TESTS

The NACA full-scale wind tunnel is described in ref-
ereico 6 and the methods by which the data were corrected
for jet-=boundary and dblocking effects are discussed in
references 7 and 8.

The model was designed and constructed in the labo-
ratories of the NACA and can be tested as a single-ergine,
a tvia-engine, or a four-cngine tractor monoplane. Pro-
vision is a2lso mede for various positions of the wing and
of the horizontal and vertical tail surfaces. For the
prescnt series of tests the model was arranged as a twin-
engiue tractor midwing monoplanre having two left-hand
threc-blade propellers. The thrust line of the propellers
is coiacident with the wiug chord line. A photograph of
the model mouuted in the wiud tununel is shown in figure l.
Figure 2 is a three~view drawing giving the important di-
meansions of the model. A sumumary of additional charactere
istics of the model follows:

Wing area, square feel. .. iceiveveososonssrsesssces 188
Wing profile:
Root section.ienc.ieeeesieseosnnssensaans NACA 0018
Tip section. «vove v vinssennneaeaaess NACA Q009

¥Mean chord;, feet..... .. ey e 4,95
Aspect ratio. o iieiinr it ienttenctacannas 7.69
Taper ratio.sesceseersesroneecencesnsennnsnos 2.5:1
Plap deflection, Gegrees. ccuvecvicsnsonacsvavens 50
Propeller diameter, feet.... e ecentaaeena 5.75

Distance between propeller shaft;, feetoeowseas 11.21
Blade~angle settirg at 21-1inch (O 61R)

Padiug, QEErEe 8. eeowreorecsetorsscoesssasssnsena 20
Split trailing~edge flaps
Cuffs mounted on propellers

Both the vertical and the horizontal tail surfaces
were removed for the surveys. The propellers-removed sur-
veys were made with nacelles both on and off, but all the
propellers~operating surveys were made with nacelles off.

Power was supplied to the propellers from a 110-
horsepower automobile engine in the fuselage by means of
an automobile transmission and drive shafts. An electri-
cally operated throttle control made it possible to vary
the engine speed from the test house below the model.

»?
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The surveys were made with a rack of fifteen 3/8~inch
steel survey tubes {fig. 3) spaced 6 inches vertically and
1 foot horizontally. EBach tube is constructed in such a
way that it measures the total pressure, the static pres-
sure, the angle of pitch, and the angle of yaw of the lo~-
cal air stream. Simultaneous readings of all the tuves
nerc taken by meauns of a multiple~tube photographic manom~
eter. The survey tubes were calibrated prior to the tests.

The accuracy of the pitch- znd yaw-angle measurements
is estimated to be approximately i0‘25°; dynamic pressure
measurements are accurate to within about £1 perceunt.
Check readings were taken frequently during the tests and,
in general, were found tvo be in satisfactory agresment
with the original readings. ‘Lecal fluctuations of the
air stream may be the cause of any discrepancies that are
shown.

All the surveys were made in the plane of the elevator
hinge line. MNcst of the surveys were made over a large
arca, but some surveys were limited to measurements across
only the elevator hinge line., The surveys were made for
progellers-removed and preopellers-operating conditions with
flaps retracted and with flaps deflected 50°, The range
of anglcs of attack of the mvdel included the complete
flight range. ¥or each angle of attack. the thrust of the-
propellers was varied to include both high and low thrust
coefficients; accordingly, the thrust at any particular
angle of attack did not necessarily simulate a possible
flight condition. Many of the measurements were made at
very high thrust coefficients in order to exaggerate the
effects of the propeller slipstream.

The thrust coefficient was determined as a function
of V/aD for the flaps-retracted condition and is defined
as

T =

effective thrust D' - D,
pvoaDa pVOEDg
where both D! and D, are measured at zero 1ift coef-

ficient. Figure 4 shows the variation of propeller-thrust
coefficient with V/nD.

Some propellers-operating 1lift curves that cover the
range of conditions corresponding to the surveys are shown
in figures 5 and 6.




RESULTS AND DISCUSSION

Pfhe results of the air-flow surveys are presented in
figures 7 to 12. The figures show contours of q/qO and
downvash and sidewash vectors in the plane c¢f the elevator
hinge line for various anglies of attack., PFigures 7 through
10 give the results of the propcllers-removed tests. The
results, with nacelles off, for flaps retracted and flaps
deflected are shown in figvures 7 and 8, respectively; ths
results with nacelles on, for flaps retracted and flaps
defleccted, are given in figures 9 and 10, respectively.
The results cf the tests with propellers operating are
given in figures 11 and 12. In the foliowing scctions,
the surveys are discussed with respzet to the general na-
ture ¢f the air flow ard the slipstream effects., UThe efe
fects of the sligstream rotation on the downwash angles
and the dynamic pressures at the tail are indicated,

Propellers~Removed Surveys

Except for the erratic flow near the rear suvpport Jjust
below the fuselage, the propellers-removed surveys (figs. 7
to 10) demonstrate esseantially the characteristics of the
trailing vortex system discussed in reference 9. Figure
10(c), in particular, shows the complete trailing vortex
sheet including the flap-tip and wing-tip vortices and the
characteristic deformation of the vortex sheet under the
influence of the tip vortices. Other than the defcrmation,
there is relatively 1ittle rolling up of the vortex sheet:
that is, the flap~tip and wing-tip vortices remain in ap-
proximately the same lateral position as at theilr origias,
The wake (or region of low dynamic pressure) coincides with
the vortex shect (across which the lateral component of
velocity undergoes an abrupt change). The downwash angles
above the wake exceed 1n magnitude those below the wake.

4 comparison of the downward displacement of the wake
center from its origin at the trailing edge with the theo-
retical displacement computed from the charts of reference
10 is given in tadble I. The measured values are in satisge
factory agreement with the theory. The values of the aver-

age dynamic-pressure ratio (q/qo)av across thc span of the

horizontal tail surface are also included in tadle I. With
increasing angle of attack the wing wake rises relative to
the tail (figs. 9(a) to 9(4)) and crosses the tail at
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about Qp = 3.3°, for which angle the average dynamice

pressure ratio at the tall is, accordingly, a minimum,
The centser line of the wing wake is always below the tail
for the flaps~down condition, progressively approaching
the tall as the angle of attack increases, Nacelles tend
8lightly %o reduce the dynamic pressure at the tail.

1-361

A comparison of the average downwash angles measured
at the elevator hinge line with the theoretical values cal=-
eulated from the charts of reference 10 is given in table
II., The agreement between the measured and the calculated
downwash angles is satisfactory (witkin 1°) for most cases,
The presence of engine nacelles caused very little change
in the downwash angle measured at the tail plane at low
angles of attack., A% high angles of attack, however, lo-
cal stalling of the wing in the region of the nacelles,
as observed in $uft surveys, resulted in an appreciabdle
decrease in the downwash angle at the tail,

Propellers-Operating Surveys

- The propellers—operating surveys (figs, 11 =2nd 12)
show certain characteristic Aistortions of the <lipstream
and the air flow in ths wilecinity of the eslipstream, Invas-

. tigntions in Germany reported in roeferences 3 and 11
have 1dentified a number of the factors th~t producs these
oeffocts, Chief among these factors is the splitting,
by the wing, of the slipstrecam into two parts, which,
owing to their tangcential-velocity components, unilergo
2 lateral displacement from the propeller axig before
rouniting at the trailing cigze, 7The nonuniformity of

" thrust distribution nt the propeller disk; the irregular
1ift distribution across the part of the wing immersed in
the slipstream; and the wing, flap, and fuselage wakes may
be responsible for soms additional slements of distortion
of the slipstrean,

When the parts of the sllpstrcam that pass above and
below ths wing are about eqgual, the result of their lateral
displacement at high thrust is the characteristic "figure-
eight" slipstream of figures 11(e) to 11(h). For the
flaps-deflected condition, owing to the strong uowash in
front of the wing, most of the slipstream is carried above
the wing, rctalning its nearly circular form and urdergoing
v but slight displacement; whercas a small part passcs below

¢ the wing and is considerably displaced in the direction of
its taneentisl velocity. Somewhat similar patterns have




boen observed (reference4 ) bekhind low-wing single-engine
monorplanes where the larser part of the slipstream also
passes above the wing. The flap-tip vortex also appears
to have considerabdlie infiuvence on the lower part of the
slipstream. As fizures 12(a) to 12(h) show, there is a
tendenrcy for this part of the slipstream to flow ountward
around the flap tip-vortex.

Fizures 12(a) %to 12{d) show that, as the angle of
attack of the model is inecreased, there is a progressively
higher councentration of thrust on the side of the downgoin
blade than on the side of the upgoing blade., Because the
thrust is not symmetrically distributed within the propeller
disk, the slipstream is probadly noat quite symmetrical even
at its origin., The dissymmetry »f thrust arises from the
inclination of the propeller axis toc the alr stream, which
tnuses both the local relative airspeed and the loeal angle
of attack to -be higher on the side of the downgoling blales
than on the side of the vpgoing blades. Thisg effect showld
be greater for the fleps-deflocted than fer the flaps-
retractoed condition, tecause of the grenter upwast in front
of tke wing.

For the flaps-retracted condition, the original direc-
tion of rotation of the slipstream is retained to a large
extent at the tail. For the fleps-deflected condition,
however, the rctation sprears in the surveys to have re-
versed in the region of the tail; that is, the downwesh
is grentest behind the upgoing blades. This reversal ap-
pears not to have been heretofore described.

The slipstream shapes and the velocity distributions
ootained in Englamd in 1238 foravery similar model with flaps
retracted are in remerkably clcse agreement with the results
presented hercin.

Some quantitative evaluations of the dynamic pressures
and downwash angles are given in the following sections,

the average dynamic-pressure ratio (a,) for a tail
av

plane immersed in the slipstream will vary with the vertical
location and the span of the horizontal ta2il surface, values
of the average dynamic-pressure ratio have been computed
from the surveys for two horizortal tail surfaces of differe
ent span located at three different vertical distances from
the fuselage center line, The two spans choscn were (1)
the distance between propeller shafts (approximately the
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span of the horizontal tail surface used on this model),
and (2) the sum of the distance between the propeller
shafts and one~balf the propeliler diameter. The verti-
cal positions chosen were (1) at the hinge line of the
actual tail tested, which will be referred to hereinafter
as the “"reference hinge line'": (2) 6 ineches above the
reference hingeline; and (3) 12 inches above the reference
hinge line. Table III gives the results of the q/q

measurements averaged across the complete tail soaﬁs.
Some computations of (q,qo) were made acrcss each semi-

span of the horizontal tail surface in order to determine
the effecte of direction of propeller rotation. The re-
sults showed only small differences in the sverage dynamic-
pressure ratios for the two semispans.

A cowmparison of the data contained in tadle I1I shows
that the average dynamic-pressure ratio at the tail plane
changed rapidly with the vertical locaticn of the tail
plane., The average dynamic-pressure ratio was greatest
when measvred at the reference hinge line. Measurement

taken 8 inches and 12 inches above the reference hinge line
showed progressively smaller (q/qO v values. TFor this
av

model, the decrezse of (Q/qo av with increasing height

of the tail results from the position of the slipstreamn,
which is mainly below the reference hinge line for all
conditions.

Within the boundaries of the slipstream, any increase
in the horizontal-tail span will tend to increase the value
of (g/a,) measured across the tail span. Above or

bBelow the sllnetr cam boundaries, however, no change in
(Q,qo) can be obtained by further increases in the hori-

zontal tail span. 'fhe increase of (q/qo)&v with increas-

ing tail span for a tail plane immersed in the slipstream
is relatively small (of the order of 10 percent for the
two spans considerecd). Considerations of the effect of
increasing the horizontal-tail span on the average down-
wash angle measured across the tail span, which will be
discusscd in the next section, may be of somewhat greater
importance.,

For all cases, the values of (q/qo v at the tail

Plane when the flaps were deflected 50° were much lower
than (a/q,)ay When the flaps were retracted. A study of
the propeliers~operating surveys (figs. 11 and 12) will
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show that the slipstreams were displaced farther below the
reference hinge lince with flaps deflected than with flaps
retracted. As a result, the tail plane was located either
on tne edge of the slipstream or entirely outside the slip-
getrean btourndaries when the flaps were deflecteéd,

mhe surveys indicate that, for constant thrust ccaf-
ficicnt, the vertical position of the center line of the
slipstream, relative to the reference hinge line, did not
renain constant but moved upward toward the reference
hinge line with inecrcasing angle of attack., Although this
upward displacement of the slipstream center line was rel-
atively small, it was nevertheless sufficient to stffect
an apprecialble incrcase in (q/qo)av a: the tail.

The surveys chow that the slipstream was flattened
vertically and clongated uorizecntally. Inzgsmuch as the
lateral bouvrndawvies of tac slipstrenm were extended, an in-
creased proportion of the tail~plane area could lie with-
in the slipstream in & zertain rezion of comparatively
small depih, Within this region, the dynamic pressure
approaches or may cxceed the theoretical mean value of

87, -
1+ ~%ﬁ‘ for a totally immerzcd tail plane. #his condi-
ticn is illustrated in figure 18, The plotted points wWere
obtained from the measuroments taken at the reference hiinge line
across the larger of the two horizontal-tail spasns. The
curves of figure 13, for this iowest tail position, most
nearly correspond to the condition of a tail plane totally
immersed within the boundaries of a slipstrean.

Average dewnwash at tail.- In order to indicate the
effects of slipstream rotation, average downwash angles
werc separately computed for each semispan of the horizon-
tal tail surfaces. The downwash angles have not been
weighted according to the variastion of local dynamic pres=-
sure across the tail span, inasmuch as a few computations
showed this corrcction to be Telatively slight., Thc com-
putations were made for the same spans and the same ver-
tical poeitions discussed in the previous section. Tig-
ures 14 to 19 show the results of these computations.

¥hen the spen of the horizontal tail surface is equal
to the distance bvetween the center lines of the propeller
shafts, the right semispan, viewed from the rear, is af-
fected by the air flow from a downgoing propeller dlade;
whereas the left senmispan is affected by the air flow from
an upgoing propeller blade. PFigures 14 to 16 show that,
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with flaps retracted, the downwash at the tail on the side
of the downgoing blade is increased and that tlhe downwash
at the tail on the side of the upgoing bilade is decreased.
From figure 14, a difference of approximately 7° downwash
angle was found at thue highest value of thrusgss coefficient
Te = 1,200. As the span of the horizontal tail surface

is extended past the center lines of the propeller shafts,
thig difference is decreased although the average down-
wash angle across the complete horizontal-tail span re--
mains approximately constant. It will ailse be noticed
(figs., 14 tc¢ 16) that, with flaps retracted, vhis diffsr~
ence is greatest at high angles of attack {high CL)' As
the angle of attack of the model ig increased, & congid-
erably greater part of the slipstream jet will pass over
the wing than at low angles of attack. A4s a result, less
of the slipstream rotaticn will be taken out and the of=-
fects of the rutation will conseguently be greater at the
higa angles of attack than at the 1low angles of attack,
That this effect is not evident for the flaps-deflected
condition may be duc to the low position of the slipstream
with respect to the tail.

A conparison of the average downwash angles across
the semispan of the horizontal tail surface with flaps
deflected B0° {figs. 17 to 19) showe that the downwash
on the side of the downgoing blade is considerably less
for this condition than the dcwnwash on the side c¢f the
upgoing blade. At the highest value of thrust coefficient,
T, = 1,300, a difference in Cav of approximately 10°
was measured between the two semispans. As for the case
with flaps retracted, this difference deccreases as the
span of the horizuntal tail surface is increased, although
the average downwash angle acrocss the complete horizontal-
tail span remains approximately constant.

The difference between the average dowunwash angles
across the two semispans ¢f the horizontal tail surface
was considerably reduced as the vertical distance of the
tail plane from the reference hinge line was increased.
With flaps retracted, at T, = 1.300, a maximum difference

of 7.0° was measured at the reference hinge line in com=-
parison with a maximum difference of 4.29 measured 12 inches
above the reference hinge line. With flaps deflected 50©

at T, = 1,200 a maximum difference of 9.7° was found at
the reference hinge line in comparison with a maximum dif-
ference of 4.8% at a height of 12 inchses above the refer-
ence hinge line. Although the difference between the
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average downwash angles acrosa the two semispans of the
Lhorizontal tail was reduced, the average downwash angle
across the complete tail span was found to chauge very
little for the three vertical locations of the horizontal
tail considercd. '

Values of the average downwash angles across the
norizental-tail span plotted againzt model 1ift coeffi-
cient are shown ia figures 20 and 21 for the flaps-retracted
and flaps~deflected conditions, respectively. At constant
1ift coefficient the varistivn of docwnwash angle with thrust
coefficient is small for most casees (within 1%) for both
the flaps-retracted and flaps-deflected conditions.

The downwash measurements indicate that, with flaps
retracted, an improvement in the longitudinal stability
6f a twin-engine alirplane can be obtained by the use of
cppositely rotating propellers, the blades of which turn
upward in the middle. 1In crder to utilize the favorabdle
slipstream rotation, the spar of the horizontal tail sur-
face should be approzimzteliy equal to the distance between
the two propeller shafts. With flaps deflected, however,
the usc of oppositely rotating propellers, the blades of
which turn opward in the middie, may result in a loss of
- longitudinal stability.

CONCLUDING REMARKS

From measurements of the air flow in the rcgion of
the horizontal tail surface of a twin-engino tractor momno-
plane with propellers operating, the fcllowing results
are sunmarized.

1. The presence of the wing bvehind the propeller
disk caused a severe distortion of the velocity distribu~
tion within the propeller slipstream. Ths slipstream was
divided into two parts that wers displaced laterally and
therefcre d4id not reunite into 2 single circular jet.

2. The average dynamic pressure across the horizcntal-
tail span changed rapidly with the vertical location ¢f the
tail with respect to the slipstream, bdbut the average down-
wash angle changed only slightly with vertical location of
the horizontal tail surface,
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3. PFor certain cases in which the horizontal tail
extended across the center of the slipstrcam, the average
dynamic pressure at the tail was found to exceed the the-
oretical mean value of the dynamic pressure in the slipstream.

4. The center line of the slipstream rose, relative to
the tail, with increasing angle of attack.

5. With flaps retracted, the downwash on the side of
the horizontal tail surface affected by the upward stroke
of the propeller blades was less than the downwash on the
side affected by the downward stroke of the propeller biandes.

6. Yor normal locations of the horizontal tail surface,
the distribution of downwash at the tail was reversed when
the flaps were deflected; that is, the downwash was greater
behind the upgoing blades than behind the downgoing blades.

7. The difference betwecn the average downwash angles
measured across the two semispans of the horizontal teil
surface with propelliers rotating in the same direction was
reduced when the semispans were extended past the center
lines of theé propeller shafts; however, the averasge down-
wash angle across the complete horizontal tail span remained
approximately constant. ’

8., An improvement in the longitudinal stability of
an airplane with flaps retracted might be obtained by the
use of oppositely rotating propellers, the blades of which
turn upward in the middle.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley PField, Va.
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TABLE 1

LOCATION OF WAKE CENTER LINE AND VALUES OF THE
AVERAGBSDYNAMIC PRESSURL RATIO AT ELEVATOR HINGE
LINE WITH PROPILLERS REMOVED

Condition ap C; [(a/q,) s [n

(deg) V1 (tn.) ?!ﬁ?) (fﬁf?r

(a)

Nacelles on; «2.3 |-0.155 0.94 -8.2 -2 -2

flaps retracted | 3.2 265 90 0 3 4

9.6 741 .92 6.9 1] 12

16.0 | 1.17M 97 18.0 14 18

Necelles onj -2.7 «358 91 -35.8 18 14

flspl deflested 2.7 -800 .92 -29.5 25 21

50 8.9 1.326 .89 «23.5 33 30

15.2 1.799 06'7 -1104 36 38

Nacelles off; -2.3 |-0,160 .93 -6.0 -4 -3,

flaps retracted | 3.2 «255 .91 o 3 4

9.6 741 .93 6.0 11 12

16.0 1.191 .95 16.2 16 19

Nacelles off; -2.7 .358 «96 | -35.5 18 14

tlsps deflected| 2.7 800 .95 -28.8 24 21

50 8.9 1.315 .91 -23.5 33 30

15.2 1.765 .76 -11.4 36 37

&¥alues from refersnce 10.
TABLE 11

COMPARISON OF EXPERIMEINTAL AND THEORETICAL
DOWNWASH ANGLES WITH PROPELLERS REMOVED

Condition G cL ‘av theor
‘ (deg) (a)
Nacelles on; «2¢d -0.185 -2.2 -0.9:
flaps retracted 3.2 255 7 1.5
9.6 .741 Je1 4.4
16,0 1.171 3.6 6.9
Nacelles on; -2.7 . 358 3.0 3.7
flaps deflected | 2.7 .800 6.2 6,9
50° 8.9 1.325 9.0 9.7
156.2 1.799 10.4 12.4
Nacelles off; -2.3 -.160 -2,0 -1.0
flaps retracted | 3.2 .256 ) 1.5
9.6 .741 3.1 4.4
16.0 1.191 5.1 7.0
Nacelles off; -2.7 « 358 3.0 4.5
flsps deflected 2.7 800 6.2 6.9
50 8.9 1.315 9.0 9.6
18.2 1.765 11.4 11.9

&ygeiues from reference 10.
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' TABLE 111
AVERAGE DYNAMIC-PRERSSURE RATIO AT TAIL
Flaps retracted Flaps deflected s0°
(Va,) - Gy ‘
Sp y v/ o (v,
(deg) by =4 b, =4a+ (deg) by =d b =4+
Measured at reference hinge line
-;‘% 1009 1.12 -‘0" 0'” o.”
. 1.09 1.13 -8 .96 .98
7.7 092 K 1114 1.18 7.1 [O-%f R e .94
1‘01 1'18 1026 13.‘ -” 0”
“0; 1.2‘ 1.” -‘07 » .99 O”
104 .161 1033 10‘6 ." y .161 1.03 1.“
7.7 1.41 1.58 6.9 '1.09 1.12
11.38 1.61 1.70 10.5 1.09 1.13
-;Olb 1085 2.08 "08 1.02 1.02
LA 4 2-19 2.40 06 1.16 1016
7.7 | -89 [ 2.39 2.60 6.0 |t “S19N1.4s 1.44
14.0 2.86 3.02 13.3 l.44 1.53
-3.9 ) 2,36 2.61 -5.0 ) 1.03 1.02
. 2.82 3.08 .3 . 1.3 1.
7.5 §1+300 1) {ios 4.49 6.8 (>N 151 1.68
11'0 ) 3045 3.90 9.‘6 1-51 10"
Measured 6 in. sbove reference hinge line
-_-i.i - 1.08 1.05 -4.7 0.96 0.98
. } 1.13 1.16 .8 . 098 '99
7.7 (9021 K 1709 1.13 7.1 §O 02N loe .96
14.1 - 1.18 1.20 13.4 .95 .94
-;'1‘ 1.14 1022 -‘o" 1-00 1.00
- 1029 1-34 .7 1.00 1.03
7.7 | 161 K 3las 1.44 6.9 [ “1%* [\1.06 1.08
11.3 1.48 1.56 10.5 1.07 1.09
-:'% 1.48 1.61 -408 1002 1.“
. 1.77 1.92 .6 . 1.03 1.03
7.7 ( *612 § 2l29 2.36 6.0 I "$1%)1iee 1.2¢
14.0 2.5 2.51 13.3 1.43 T.680
-i-z 1.59 1.77 -5.0 1.00 1.01
. . 2.03 2.26 S . 1.0% 1.08
7.5 [(1+390 1) 3i81 .82 6.8 || "5 N1o2s 1.30
ll.Q 2.8§uﬂJ_ “?:22‘ e 9.6 «30 1.52
Measured 12 in. above reference hinge line
-4.1 1.07 1.08 -4.7 1,01 1.02
34 foae § L7 | 1o op fo-1e1f 100 | 101
11.3 1.22 1.29 10.5 1.02 l1.02
-%.9 1.22 1.28 -5.0 1.03 1.04
-4 1.63 1.76 D 1,02 1.02
7.5 [[1-%00 N 25y 2.90 6.8 1129 N1.08 1.07
11'0 2.15 2040 906 1013 102‘
‘ - .

16
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Figure 1.- Installation of stability model in the NACA
full-scale wind tunnel.

Fig. 1
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